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
3HDQXW Arachis hypogaea/ VHHGVFRQWDLQRLODQGSURWHLQRQDGU\ VHHGEDVLV ,QDGGLWLRQ
WKH\DUHDJRRG VRXUFHRIPLQHUDOV SKRVSKRUXV FDOFLXPPDJQHVLXPDQGSRWDVVLXPDQGYLWDPLQV (.DQG%
6DYDJHDQG.HHQDQ
,Q7XUNH\SHDQXWLVPDLQO\XVHGLQYDULRXVIRUPVLQIRRGSUHSDUDWLRQDQGIRUWKHPDQXIDFWXUHRISHDQXWEXWWHU
FRQIHFWLRQHU\DQGFKRFRODWHEDVHGSURGXFWV7KHTXDOLW\UHTXLUHPHQWRIFRQIHFWLRQHU\SHDQXWLVPRUHVWULQJHQWDQG
GLVWLQFWO\GLIIHUHQWIURPSHDQXWDVDQRLOVHHGFURS7KLVUHTXLUHVDGGLWLRQDOHIIRUWV WRGHYHORSFRQIHFWLRQHU\JUDGH
YDULHWLHVZLWKKLJK2/UDWLRLVSUHIHUUHG3HDQXWLVPDLQO\VRZQLQVSULQJVHDVRQ$SULO0D\DVPDLQFURSLQWKH
UHJLRQ )XUWKHUPRUH LQ WKH VRXWKHUQ DQG VRXWKHDVWHUQ UHJLRQVSHDQXW FDQ EH JURZQ LQ WKHZKHDW IDOORZVGXULQJ
SRVWUDLQ\ VHDVRQ LI LUULJDWLRQ IDFLOLWLHV DUH DYDLODEOH 7KXV GLIIHUHQW VRZLQJ WLPHV PLJKW UHVXOW LQ GLIIHUHQW
HQYLURQPHQWDOFRQGLWLRQVGXULQJJUDLQILOOLQJDQGRLOV\QWKHVLV,QSDUWLFXODUWKHIDWW\DFLGFRPSRVLWLRQLVNQRZQWR
GLIIHUZLWK FXOWLYDUV DQG HQYLURQPHQWDO FRQGLWLRQV &RQQRU DQG6DGUDV)DWW\ DFLG FRPSRVLWLRQ LV DPDMRU
GHWHUPLQDQWRIRLOTXDOLW\2LOVKLJK LQXQVDWXUDWHVDUHGHVLUDEOH IRUERWK LPSURYHGVKHOI OLIHDQGSRWHQWLDOKHDOWK
EHQHILWV:HLVV7KHVWDELOLW\RUVKHOIOLIHRISHDQXWRLOLVUHODWHGWRWKHIDWW\DFLGFRQWHQWRIWKHRLOZLWKWKH
PDMRU IDFWRUEHLQJ WKH UDWLRRIROHLF & WR OLQROHLF & DFLG 0HUFHU HW DO'LHWV WKDW DUHKLJK LQ
PRQRXQVDWXUDWHGIDWW\DFLGVDQGORZLQVDWXUDWHGIDWW\DFLGVKDYHUHGXFHGFKROHVWHURODQGORZGHQVLW\OLSRSURWHLQV
LQKXPDQV*UXQG\2¶%\UQHHWDO
,Q VRXWKHUQ RI 7XUNH\ SHDQXW FURS GXUDWLRQ LV VKRUWHU LQ VHFRQG FURSSLQJ FRQGLWLRQV ODWH -XQHZLWK ORZHU
WHPSHUDWXUHDSSDUHQWO\DIIHFWLQJFURSPDWXULW\7KXVSHDQXWFURSZLOOQRWUHDFKRSWLPXPPDWXULW\IRUDPDUNHWDEOH
\LHOGWRMXVWLI\FRPPHUFLDOSURGXFWLRQLQDUHDVZLWKIHZHUKHDWXQLWVGXULQJWKHJURZLQJVHDVRQHVSHFLDOO\ZKHQLW
LVJURZQLQGRXEOHFURSSLQJV\VWHP7KXVVHHGPDWXULW\FDQDOVR LQIOXHQFH WKHIDWW\DFLGFRPSRVLWLRQRISHDQXW
7KHDFWXDOLPSDFWRIVHHGPDWXULW\LVGHSHQGHQWRQJHQRW\SHFOLPDWLFFRQGLWLRQVDQGJHQRW\SHFOLPDWHLQWHUDFWLRQV
/RZHUWHPSHUDWXUHVGXULQJVHHGGHYHORSPHQWQRUPDOO\DUHDVVRFLDWHGZLWKPRUHXQVDWXUDWHGRLOGXHWRWKHLQFUHDVHG
DFWLYLW\ RI ROHDWH GHVDWXUDVH ZKLFK SURPRWHV WKH V\QWKHVLV RI OLQROHLF DFLG ,Q JHQHUDO ROHLF DFLG LQFUHDVHV DQG
OLQROHLFDFLGGHFUHDVHVZLWKVHHGPDWXULW\*URVVRHWDO2WKHUVWXGLHVKDYHVKRZQDUHGXFWLRQLQROHLFDFLG
DQGDQLQFUHDVHLQOLQROHLFDFLGZLWKPDWXULW\+RODGD\DQG3HDUVRQZKHUHDV.QDXIWHWDOREVHUYHG
QRLQIOXHQFHRIPDWXULW\RQRLOFKHPLVWU\
7KH LQFUHDVH LQ ROHLF DFLG ZLWK VHHG PDWXULW\ LV QRUPDOO\ DFFRPSDQLHG E\ D GHFUHDVH LQ SDOPLWLF OLQROHLF
DUDFKLGLFHLFRVHQRLFEHKHQLFDQGOLJQRFHULFDFLG*URVVRHWDO
%DVHG RQ WKH DERYH OLWHUDWXUH WKH IDWW\ DFLG FRPSRVLWLRQ LQ RLOVHHGV GHSHQGV RQ FXOWLYDU GHJUHH RI ULSHQLQJ
VHHGVDQGWKHFOLPDWLFFRQGLWLRQV:LWKLQFUHDVLQJFRQVXPHUSUHIHUHQFHIRUKLJKTXDOLW\HGLEOHRLOVWKHUHLVWKHQHHG
WRLQYHVWLJDWHWKHTXDOLW\RISHDQXWFXOWLYDUVJURZQLQGLIIHUHQWFRQGLWLRQVDQGWRLPSURYHWKHFXOWLYDUVWRPHHWWKH
PDUNHW GHPDQG 7KHUHIRUH WKH REMHFWLYH RI WKLV UHVHDUFKZDV WR GHWHUPLQH IDWW\ DFLG FRPSRVLWLRQ LQ WKH SHDQXW
FXOWLYDUVPD\YDU\ZLWKVRZLQJWLPH
 0DWHULDOVDQG0HWKRGV
7KHVWXG\ZDVFDUULHGRXWDW8QLYHUVLW\RI'LFOH)DFXOW\RI$JULFXOWXUH)LHOG&URSV'HSDUWPHQW'L\DUEDNLU
ORFDWHG LQ 6RXWK (DVW $QDWROLDQ 5HJLRQ RI 7XUNH\ LQ  JURZLQJ VHDVRQ 7KH UHJLRQ KDV D ZDUP FOLPDWH LQ
VXPPHU DQG WKHPHDQ DQQXDO UDLQIDOO LV DURXQG PPPRVW RIZKLFK IDOO LQ DPDMRU FURSSLQJ VHDVRQZKLFK
H[WHQGVIURP1RYHPEHUWR-XQH7KXVSHDQXWFDQEHJURZQGXULQJGRXEOHFURSSLQJVHDVRQZLWKLUULJDWLRQLQFHUHDO
RUIRRGOHJXPHEDVHGFURSSLQJV\VWHPVLQWKHUHJLRQ0RQWKO\UDLQIDOOPHDQDLUWHPSHUDWXUHDQGKXPLGLW\IRU
DUH SUHVHQWHG LQ 7DEOH 7KH WUHDWPHQWVZHUH UHSOLFDWHG WKUHH WLPHV LQ VSOLW SORW EDVHG RQ UDQGRPL]HG FRPSOHWH
EORFNGHVLJQZLWKWZRVRZLQJWLPHVPLG$SULODVPDLQFURSDQGODWH-XQHDVVHFRQGFURSDIWHUZKHDWKDUYHVWLQ
WKHPDLQSORWVDQGWKUHHFXOWLYDUV+DOLV%H\2VPDQL\HDQG6XOWDQGHYHORSHGDW&XNXURYD8QLYHUVLW\LQWKH
VXESORWV7KH VL]HRI HDFKSORWZDV [ P5RZ VSDFLQJ IRXU URZVZDVP DQG WKH GLVWDQFHEHWZHHQ
SODQWVLQWKHURZZDVPSURYLGLQJDVRZLQJGHQVLW\RISODQWVP2QWKHEDVLVRIVRLODQDO\VLVWKHFURSZDV
IHUWLOL]HGZLWKNJ1DQGNJ32KDDSSOLHGDVEDVDOGRVHLQWKHIRUPRIIHUWLOL]HUSULRUWRVRZLQJ
,Q DGGLWLRQ WRS GUHVVLQJ QLWURJHQZDV SURYLGHG DW WKH WLPH RI IXOO IORZHULQJ VWDJH DW WKH UDWH RI  NJ KDDV
DPPRQLXPQLWUDWH1IRUDOOSORWV:HHGVZHUHFRQWUROOHGE\ERWK7ULIOXUDOLQ/KDDVSUHSODQWDQGE\
KDQGDVQHHGHG7KHILHOGZDVXQLIRUPO\LUULJDWHGDWGD\LQWHUYDOVXQWLOKDUYHVWSHULRGXVLQJRYHUKHDGVSULQNOHUV
$OOSORWVZHUHKDUYHVWHGIURPWZRFHQWUDOURZVDWPLG1RYHPEHULQ8QVKHOOHGVDPSOHVZHUHVXQGULHGIRURQH
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ZHHN7KHVKHOOHGSRGVE\KDQGZHUHDJDLQVXQGULHGIRUWZRGD\VWKHUHDIWHUDQDO\]HGIRUIDWW\DFLGFRPSRVLWLRQ
7KHVHHGVDPSOHVZHUHJURXQGWKHRLOZDVH[WUDFWHGZLWKGLHWK\OHWKHUXVLQJVR[KOHWDSSDUDWXV)DWW\DFLGDQDO\VLV
RI WKH VHHG RLOV ZHUH FDUULHG RXW LQ 78%,7$.0$0 7KH 6FLHQWLILF DQG 7HFKQRORJLFDO 5HVHDUFK &RXQFLO RI
7XUNH\0DUPDUD5HVHDUFK&HQWHU
7KHUHVXOWVZHUHH[SUHVVHGDVWKHSHUFHQWDJHRIHDFKIDWW\DFLGZLWKUHVSHFWWRWKHWRWDOIDWW\DFLGV$OOWKHGDWD
DUHSUHVHQWHGDVPHDQV VWDQGDUG HUURU 7KH VWDWLVWLFDO VLJQLILFDQFHRIGLIIHUHQFHV LQ WKH IDWW\ DFLG FRPSRVLWLRQ
EHWZHHQJURXSVZDVDQDO\]HGZLWKDQDO\VLVRIYDULDQFH$129$DQG7XNH\¶V+6'WHVWXVLQJDVWDWLVWLFDOVRIWZDUH
SDFNDJH-03YHUVLRQD3ZDVWDNHQWRLQGLFDWHDVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFH

7DEOH0RQWKO\WHPSHUDWXUHR&UDLQIDOOPPDQGKXPLGLW\LQJURZLQJVHDVRQ
'L\DUEDNLU7XUNLVK6WDWH0HWHRURORJLFDO6HUYLFH
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 5HVXOWVDQG'LVFXVVLRQV
'XULQJWKHH[SHULPHQWPD[LPXPWHPSHUDWXUHVUDQJHGIURP&WR&DQGPLQLPXPWHPSHUDWXUHVIURP
&WR&ZLWKDYHUDJHWHPSHUDWXUHVIURP&WR&7DEOH
'DWDVWDWLVWLFDOO\DQDO\]HGDVVSOLWSORWVKRZHGVLJQLILFDQWVRZLQJWLPHPDLQHIIHFWVIRUSDOPLWLFVWHDULF
ROHLFOLQROHLFJDPPDOLQROHQLFQDUDFKLGLFHLFRVDGLHQRLFWRWDOVDWXUDWHG
IDWW\ DFLG 6 DQG UDWLRRIXQVDWXUDWHG IDWW\ DFLG WR VDWXUDWHG IDWW\ DFLG 86+RZHYHU DOSKDOLQROHQLF Q
OLJQRFHULF  DQG WRWDO XQVDWXUDWHG IDWW\ DFLGV 8ZHUHQRW VLJQLILFDQWO\ LQIOXHQFHGE\ VRZLQJ WLPH&XOWLYDU
HIIHFWV ZHUH VLJQLILFDQW IRU DOO YDULDEOHV H[FHSW OLQROHLF  DQG XQVDWXUDWHG IDWW\ DFLGV 8 6RZLQJ WLPH [
FXOWLYDULQWHUDFWLYHHIIHFWZDVQRWVLJQLILFDQWIRUDOOYDULDEOHVH[FHSWUDWLRRIROHLFWROLQROHLF2/DFLG7DEOH
$FFRUGLQJ WR WKHUHVXOWV VLJQLILFDQWGLIIHUHQFHVZHUHREVHUYHGEHWZHHQVRZLQJ WLPHV IRUSDOPLWLF VWHDULFDQG
ROHLFDFLG&URSVVRZQHDUO\$SULODVPDLQFURSJDLQHGKLJKHUSDOPLWLFDFLGVWHDULFDQGROHLFDFLG
DQG   UHVSHFWLYHO\ FRPSDUHG WR ODWH VRZLQJ WLPH -XO\  DV VHFRQG FURS   DQG  
UHVSHFWLYHO\7DEOH7KHSURSRUWLRQRIIDWW\DFLGVLQVHHGRLOLVSUHGRPLQDQWO\LQIOXHQFHGE\HQ]\PHVUHJXODWLQJ
WKHUHODWLRQRISDOPLWLFVWHDULFDQGROHLFH[SRUWHGIURPWKHSODVWLGVDQGE\HQ]\PHVZKLFKVXEVHTXHQWO\PHWDEROL]H
WKHVHIDWW\DFLGVHJROHLFE\GHVDWXUDWLRQWROLQROHLF+LOOVDQG0XUSK\7KHSDOPLWLFDFLGDQGVWHDULFDFLGDUH
WKHPDMRUVDWXUDWHGIDWW\DFLGVZKHUHDVROHLFDFLGXQVDWXUDWHG7KHTXDOLW\RIHGLEOHRLOLVJHQHUDOO\DVVRFLDWHGZLWK
WKH UHODWLYH FRQFHQWUDWLRQ RI ROHLF DFLG $ SUREDEOH UHDVRQ IRU ORZ DQG KLJK SDOPLWLF VWHDULF DQG ROHLF DFLGV
FRQFHQWUDWLRQ LQ RLO RI VHHGPD\ EH WKH HIIHFW RI WHPSHUDWXUH GXULQJ WKH VHHG ILOOLQJ VWDJH2OHLF DFLG FRQWHQW LV
HVVHQWLDOO\LQIOXHQFHGE\WHPSHUDWXUHGXULQJVHHGGHYHORSPHQW(DFK&LQFUHDVHLQWHPSHUDWXUHOHDGVWRDERXW
LQFUHDVHLQROHLFDFLG'HPXULQHWDO,QRXUH[SHULPHQWWKHLQFUHDVHRISDOPLWLFVWHDULFDQGROHLFDFLGLQWKH
HDUO\ VRZLQJ PD\ EH GXH WR KLJKHU WHPSHUDWXUH GXULQJ WKH VHHG ILOOLQJ VWDJH HVSHFLDOO\ IURP -XO\ WR $XJXVW
7DEOH 7KLV LV LQ FRQIRUPLW\ ZLWK 6WXPSI  ZKR UHSRUWHG WKDW SDOPLWLF VWHDULF DQG ROHLF DFLGV ZHUH
HQKDQFHGE\KLJKHUWHPSHUDWXUHVGXULQJWKHVHHGILOOLQJSHULRG$VLJQLILFDQWQHJDWLYHHIIHFWRIODWHVRZLQJRQROHLF
DFLGZDVDOVRUHSRUWHGE\$KPDGDQG+DVVDQZKRUHSRUWHGWKDWROHLFDFLGLQFUHDVHGZLWKLQFUHDVLQJPDWXULW\
WHPSHUDWXUH)XUWKHUPRUHWKHODWHVRZQFURSVPDWXUHGGXULQJORZHUWHPSHUDWXUHFRQGLWLRQVWKDQGLGWKHHDUO\VRZQ
FURSV,QDOORI WKHHDUO\VRZQFURSV WKHGXUDWLRQRIRLODFFXPXODWLRQ LQ WKHVHHGVZDV ORQJHUZKHUH LWFRLQFLGHG
ZLWKDSHULRGRISDUWLFXODUO\KLJKWHPSHUDWXUHV&XOWLYDUVH[KLELWHGVLJQLILFDQWGLIIHUHQFHVIRUSDOPLWLFVWHDULFDQG
ROHLFDFLG7DEOH7KHKLJKHVWSDOPLWLFDFLGDFTXLUHG LQ6XOWDQZKLFKZDVVWDWLVWLFDOO\DWSDUZLWK WKH
+DOLV %H\  DQG WKH ORZHVW YDOXHV RI WKLV WUDLW UHFRUGHG IURP 2VPDQL\H  &XOWLYDU 6XOWDQ
DFFXPXODWHGVLJQLILFDQWO\KLJKHUVWHDULFDFLGWKDQWKHRWKHU WZRFXOWLYDUV2OHLFDFLGZDVIRXQGKLJKHU LQ
6XOWDQ DQG 2VPDQL\H  DQG  UHVSHFWLYHO\ FRPSDUHG WR +DOLV %H\  7DEOH :LWK
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UHJDUGWROLQROHLFDFLG7DEOHVLJQLILFDQWGLIIHUHQFHVZHUHHYLGHQWEHWZHHQWKHWZRVRZLQJWLPHVZLWKDVWULNLQJ
LQFUHDVH LQ WKH ODWH VRZLQJ  YV  +RZHYHU HDUO\ VRZLQJ WLPH OHG WR D VOLJKW LQFUHDVH RI DOSKD
OLQROHQLF QRQVLJQLILFDQW DQG JDPPDOLQROHQLF DFLG FRQWHQW LQ WKUHH SHDQXW FXOWLYDUV *DPPDOLQROHQLF DFLG
FRQWHQWZDVKLJKHU WKDQDOSKDOLQROHQLF ,WKDVEHHQ VXJJHVWHG WKDWGXULQJ VHHGPDWXUDWLRQDOSKDOLQROHQLFDFLG LV
WUDQVIRUPHG LQWR JDPPDOLQROHQLF DFLG &KLVRZVNL HW DO  7KH IDWW\ DFLG FRPSRVLWLRQ RI SHDQXW RLO YDULHV
GHSHQGLQJ RQ WKH JHQRW\SH VHHG PDWXULW\ FOLPDWLF FRQGLWLRQV JURZWK ORFDWLRQ DQG LQWHUDFWLRQV EHWZHHQ WKHVH
IDFWRUV <RXQJ :DUPHU WHPSHUDWXUHV IDYRU WKHSURGXFWLRQRIROHLF DFLG UDWKHU WKDQ OLQROHLF DQG OLQROHQLF
DFLG5D\HWDO5HQHWDO%DFKODYDHWDO7KHKLJKHULQFUHDVHLQOLQROHLFDFLGDWODWHVRZLQJ
PD\EH GXH WR ORZHU WHPSHUDWXUH FRLQFLGLQJZLWK WKH VHHG ILOOLQJ VWDJH IURP6HSWHPEHU WR2FWREHU7KLVZDV LQ
DFFRUGDQFHZLWKDSUHYLRXVVWXG\ZKHUHZLWKLQDVRLO WHPSHUDWXUHUDQJHEHWZHHQDQGGD\QLJKWWKH
UHDFWLRQRIOLQROHLFDFLGZDVVLPLODULQWKHVDPHSHDQXWJHQRW\SHV*RORPEHNHWDO+LQGVIRXQGWKDW
DVVHHGVSURJUHVVHGIURPLQWHUPHGLDWH WKURXJKQHDUO\PDWXUHWRPDWXUHVWDJHV OLQROHLFDFLGGHFUHDVHGZKLOHROHLF
DFLGLQFUHDVHG7KLVW\SHRIWHPSHUDWXUHLQWHUIHUHQFHRQIDWW\DFLGFRQWHQWKDVEHHQIRXQGLQVHYHUDORLOFURSVSHFLHV
DQGLVGXHWRLQFUHDVHGGHVDWXUDVHDFWLYLW\DWORZWHPSHUDWXUHEHFDXVHRIKLJKHUR[\JHQVROXELOLW\6WXPSI,Q
FDVH RI FXOWLYDUV+DOLV%H\ DQG2VPDQL\H SURGXFHG KLJKHU OLQROHLF DFLG  DQG  UHVSHFWLYHO\
FRPSDUHGWR6XOWDQZKHUHDVPD[LPXPJDPPDOLQROHQLFDFLGFRQWHQWUHFRUGHGLQ6XOWDQ
&KDQJHVLQIODYRXUTXDOLW\PD\EHFDXVHGE\WKHGHYHORSPHQWRIR[LGDWLYHUDQFLGLW\ZKLFKKDVEHHQUHODWHGDW
OHDVWLQSDUWWRKLJKOLQROHLFDFLGFRQWHQWRIWKHRLO)RUHHWDO2QWKHRWKHUKDQGDUHDVRQDEOHSURSRUWLRQRI
OLQROHLFDFLGLVHVVHQWLDOLQQXWULWLRQDOWHUPV

7DEOH$QDO\VLVRIYDULDQFHIRUIDWW\DFLGFRPSRVLWLRQRISHDQXWFXOWLYDUVDWWZRVRZLQJWLPHVD
6RZLQJWLPH&XOWLYDU
 )DWW\DFLGFRPSRVLWLRQ 
')     Q Q    8E 6F 86G 2/H
6RZLQJWLPH7      16    16 16   
&XOWLYDU&           16   
6RZLQJWLPH[&XOWLYDU7[&  16 16 16 16 16 16 16 16 16 16 16 16 
D$OO YDOXHV DUH PHDQV RI WKUHH UHSOLFDWLRQV UXQ LQ GXEOLFDWH 16   FRUUHVSRQG WR QRQVLJQLILFDQW RU VLJQLILFDQFH DW 3 DQG 
UHVSHFWLYHO\E8XQVDWXUDWHGIDWW\DFLGVF6VDWXUDWHGIDWW\DFLGG86UDWLRRIXQVDWXUDWHGWRVDWXUDWHGIDWW\DFLGVH2/UDWLRRIROHLFWROLQROHLF
DFLGV



7DEOH  )DWW\DFLGFRPSRVLWLRQRISHDQXWFXOWLYDUVDWWZRVRZLQJWLPHVSDOPLWLFVWHDULFDQGROHLFDFLGFRQWHQW
&XOWLYDU
6RZLQJ7LPH
  
(DUO\ /DWH Mean (DUO\ /DWH Mean (DUO\ /DWH Mean 
+DOLV%H\   8.89±0.15ab   2.50±0.12b   44.17±0.49b 
2VPDQL\H   8.60±0.20b   2.56±0.14b   44.73±0.36ab 
6XOWDQ   9.06±0.16a   2.85±0.08a   44.75±0.22a 
Mean 9.19±0.06 a 8.51±0.11 b 8.85±0.10  2.87±0.06 a 2.40±0.08 b 2.64±0.07  45.28±0.14a 43.82±0.20b 44.55±0.21  
LSDT 
0.30 0.42 0.66 
LSDC 0.39 0.23 0.57 
LSDT X C - - - 
6WDQGDUGHUURURIPHDQ
D/HWWHUVWKDWDUHGLIIHUHQWIRUVRZLQJWLPHDQGFXOWLYDUDUHVLJQLILFDQWO\GLIIHUHQWE\7XNH\¶V+6'WHVW3 

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7DEOH  )DWW\DFLGFRPSRVLWLRQRISHDQXWFXOWLYDUVDWWZRVRZLQJWLPHVOLQROHLFDOSKDOLQROHQLFQDQGJDPPDOLQROHQLFQ
DFLGFRQWHQW
&XOWLYDU
6RZLQJ
7LPH
 Q Q
(DUO\ /DWH Mean (DUO\ /DWH Mean (DUO\ /DWH Mean 
+DOLV%H\   35.45±0.44a   1.347±0.037a  1.268±0.039b 
2VPDQL\H

  35.15±0.23ab  1.097±0.015b  1.298±0.018b 
6XOWDQ   34.74±0.31b   1.173±0.012b   1.445±0.038a 
Mean 34.51±0.18b 35.71±0.20a35.11±0.19 1.216±0.044 1.196±0.039 1.206±0.028 1.386±0.036a 1.289±0.030b 1.337±0.026 
LSDT 0.53 - 0.062 
LSDC 0.61 0.117 0.130 
LSDT X C - - - 
6WDQGDUGHUURURIPHDQ
D/HWWHUVWKDWDUHGLIIHUHQWIRUVRZLQJWLPHDQGFXOWLYDUDUHVLJQLILFDQWO\GLIIHUHQWE\7XNH\¶V+6'WHVW3!

7DEOH  )DWW\DFLGFRPSRVLWLRQRISHDQXWFXOWLYDUVDWWZRVRZLQJWLPHVDUDFKLGLFHLFRVDGLHQRLFDQGOLJQRFHULFDFLGFRQWHQW


&XOWLYDU
6RZLQJ7LPH
  
(DUO\ /DWH Mean (DUO\ /DWH Mean (DUO\ /DWH Mean 
+DOLV%H\   0.123±0.004a   2.935±0.058ab1.643±0.026a 
2VPDQL\H

  0.102±0.007b   2.805±0.093b 1.467±0.012b 
6XOWDQ   0.112±0.007ab   3.023±0.029a 1.520±0.007b 
Mean 0.100±0.005 b 0.124±0.003 a 0.112±0.004 2.819±0.065b 3.023±0.022a2.921±0.041 1.547±0.031 1.540±0.0271.543±0.020 
LSDT 0.012 0.055 - 
LSDC 0.014 0.196 0.077 
LSDT X C - - - 
6WDQGDUGHUURURIPHDQ
D/HWWHUVWKDWDUHGLIIHUHQWIRUVRZLQJWLPHDQGFXOWLYDUDUHVLJQLILFDQWO\GLIIHUHQWE\7XNH\¶V+6'WHVW3!

$FFRUGLQJ WR 7DEOH  WKH DPRXQW RI DUDFKLGLF DQG HLFRVDGLHQRLF DFLG LQ WKH VHHGV VRZQ LQ ODWH  DQG
 UHVSHFWLYHO\ ZHUH VLJQLILFDQWO\ KLJKHU WKDQ WKDW RI LQ HDUO\ VRZLQJ  DQG  UHVSHFWLYHO\
+RZHYHUVRZLQJWLPHGLGQRWDIIHFWOLJQRFHULFDFLG7KHILQGLQJVRIWKHSUHVHQWVWXG\DUHVLPLODUWRWKHFRQFOXVLRQ
RI6WXPSIZKRUHSRUWHGWKDWSDOPLWLFVWHDULFDQGROHLFDFLGVZHUHHQKDQFHGE\KLJKHUWHPSHUDWXUHVGXULQJ
WKH VHHG ILOOLQJ SHULRG ZKHUHDV FRQFHQWUDWLRQV RI OLQROHLF DUDFKLGLF DQG HLFRVDGLHQRLF DFLGV ZHUH LQFUHDVHG E\
ORZHU WHPSHUDWXUHV +RZHYHU *RORPEHN HW DO  UHSRUWHG WKDW SRG RU URRW WHPSHUDWXUH KDG QR HIIHFW RQ
DUDFKLGLFHLFRVHQRLFDFLGFRQFHQWUDWLRQDQGQRPDMRUHIIHFWRQOLJQRVHULFDFLGFRQFHQWUDWLRQLQSHDQXWRLO,QFDVHRI
FXOWLYDUKLJKHVWOHYHORIDUDFKLGLFDQGHLFRVDGLHQRLFDFLGKDVEHHQIRXQGLQ+DOLV%H\ZKLFKZDVDWSDU
ZLWK6XOWDQZKHUHDVWKHLUORZHVWDPRXQWKDYHEHHQGHWHFWHGLQ2VPDQL\HDQGUHVSHFWLYHO\
7KHKLJKHVWFRQWHQWRIOLJQRFHULFDFLGZDVREVHUYHGLQ+DOLV%H\DQGWKHORZHVWOHYHOZDVLQ2VPDQL\H
DQG6XOWDQ7KHLQÀXHQFHRIJHQRW\SHRQWKHIDWW\DFLGFRPSRVLWLRQRISHDQXWVKDVEHHQ
ZHOOGHPRQVWUDWHGE\:RUWKLQJWRQHWDO 6RZLQJ WLPHGLGQRWDIIHFW WRWDOXQVDWXUDWHG IDWW\DFLGV2Q WKH
RWKHUKDQGHDUO\VRZLQJUHVXOWHGLQKLJKHUWRWDOVDWXUDWHGIDWW\DFLGEXWORZHUUDWLRRIXQVDWXUDWHGWRVDWXUDWHGIDWW\
DFLGV 7DEOH  ,Q JHQHUDOO\ ORZHU WHPSHUDWXUHV GXULQJ VHHG GHYHORSPHQW QRUPDOO\ DUH DVVRFLDWHG ZLWK PRUH
XQVDWXUDWHG RLO %URZQ HW DO  &DVLQL HW DO  *RORPEHN HW DO  LQGLFDWHG WKDW LQFUHDVLQJ
WHPSHUDWXUHGXULQJVHHGPDWXUDWLRQRIWHQUHVXOWVLQDOHVVXQVDWXUDWHGRLORZLQJWRDQLQFUHDVHLQROHDWHFRPELQHG
ZLWKDGHFUHDVHLQSRO\XQVDWXUDWHGIDWW\DFLGVDQGDVOLJKWLQFUHDVHRUQRDOWHUDWLRQLQWKHVDWXUDWHGIDWW\DFLGV
DQG  DW LQFUHDVLQJ WHPSHUDWXUH ,Q SHDQXW D VRLO WHPSHUDWXUH UHGXFWLRQ IURP  WR  & GD\QLJKW
LQFUHDVHG WKH H[WHQW RI XQVDWXUDWLRQ RI WKH RLOPDLQO\ EHFDXVHRI D VKLIW IURPROHLF WR OLQROHLF *RORPEHN HW DO

7KH PD[LPXP VDWXUDWHG IDWW\ DFLGV REVHUYHG LQ 6XOWDQ  DQG +DOLV %H\  ZKLFK UHPDLQHG
VLJQLILFDQWO\KLJKHU DQGGLIIHUHQW IURP2VPDQL\H 7KH FXOWLYDU2VPDQL\HKDG WKHPLQLPXP
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VDWXUDWHGIDWW\DFLGVZKLOHKDGPD[LPXPUDWLRRIXQVDWXUDWHGWRVDWXUDWHGIDWW\DFLGV6XOWDQKDGWKHORZHVW
RI86UDWLR7KHVLJQLILFDQWGLIIHUHQFHVDPRQJFXOWLYDUVZHUHDWWULEXWHGWRWKHJHQHWLFPDNHXS
5DWLRRIROHLF WR OLQROHLF 2/DFLGZDVVLJQLILFDQWO\DIIHFWHGE\VRZLQJ WLPHFXOWLYDUDQGFXOWLYDU[ VRZLQJ
WLPH LQWHUDFWLRQDV LQGLFDWHG LQ7DEOH5DWLRRI2/DFLGZDVKLJKHU LQHDUO\VRZLQJFRPSDUHG WR ODWH
VRZLQJ  LQ DOO FXOWLYDUV  7KH ROHLF DFLG WR OLQROHLF DFLG UDWLR 2/ KDV EHHQ FRQVLGHUHG DQ LQGH[ RI RLO
VWDELOLW\%URZQHWDO)RUHHWDO2¶.HHIHHWDO/LQROHLFDFLGLVDQXQVWDEOHIDWW\DFLGDQGDQ
LQYHUVH UHODWLRQVKLS EHWZHHQ OLQROHLF DFLG DQG RLO VWDELOLW\ KDV EHHQ UHSRUWHG %UDGGRFN HW DO +ROOH\ DQG
+DPPRQV2¶.HHIHHWDO 7KHHQ]\PHǻGHVDWXUDVHFDWDO\]HVWKHUHDFWLRQRIROHLFDFLGWROLQROHLF
DFLGDQGWKHROHLFWROLQROHLFDFLGUDWLRLVFRQWUROOHGE\WKHDFWLYLW\RIWKLVHQ]\PH:RUWKLQJWRQHWDODQG
%URZQHWDOIRXQGWKDWZLWKLQFUHDVLQJO\PRUHQRUWKHUQJURZLQJORFDWLRQVWKHROHDWHDQGSDOPLWDWHFRQWHQWV
WHQGHG WR GHFUHDVHZKLOH WKH SRO\XQVDWXUDWHG FRQWHQW WHQGHG WR LQFUHDVH LQ86$ 6LPLODU UHVXOWVZHUH IRXQG E\
*URVVRHWDOVWXG\LQJWKHSHDQXWRLOJURZQLQ$UJHQWLQD7KH\UHSRUWHGWKDWKLJKHUWHPSHUDWXUHVGXULQJWKH
ODVWZHHNV EHIRUH KDUYHVW UHVXOWHG LQ KLJKHU2/ UDWLR +RODGD\ DQG 3HDUVRQ &RROHU SURGXFWLRQ FOLPDWHV
ORZHUWKH2/UDWLRUHVXOWLQJLQRLOZLWKDVKRUWHUVKHOIOLIH:LWKPDWXUDWLRQWKHSHUFHQWDJHRIROHLFDFLGLQFUHDVHV
ZKLOH OLQROHLF DFLG SHUFHQWDJH GHFUHDVHV VOLJKWO\ <RXQJ HW DO  $QGHUVHQ DQG *RUEHW  2[LGDWLYH
VWDELOLW\RISHDQXWRLO LVKLJKO\FRUUHODWHGZLWKWKHUDWLRRIROHLFDFLG WR OLQROHLFDFLG )RUHHWDO  WKXVRLO
VWDELOLW\ LV FRUUHODWHGZLWKPDWXULW\5DWLR RI2/ DFLGVZDV WKH KLJKHVW LQ 6XOWDQ DQG2VPDQL\H  DQG
 UHVSHFWLYHO\GXH WR WKH ORZHU OLQROHLF DFLG LQ WKHLURLOVZKHQFRPSDUHGZLWK+DOLV 7DEOH ,Q UHVSHFWRI
VRZLQJWLPH[FXOWLYDULQWHUDFWLRQDOOFXOWLYDUVZHUHIRXQGWREHVXLWDEOHIRU2/DFLGLQHDUO\VRZLQJIRUFXOWLYDWLRQ
RISHDQXWXQGHUFRQGLWLRQVRIVRXWKHDVWUHJLRQRI7XUNH\7DEOH7KHUDWLRRI2/DFLGRI6XOWDQZDVWKHKLJKHVW
LQ HDUO\ VRZLQJ WLPH $ UHGXFWLRQRU HOLPLQDWLRQRI WKH ORQJFKDLQ IDWW\DFLGV LQSHDQXWRLOVZRXOGEHD
ZRUWKZKLOHREMHFWLYHRISHDQXWEUHHGLQJSURJUDPVVLQFHLWZLOODOVRLQFUHDVHSRO\XQVDWXUDWHGWRVDWXUDWHG36UDWLR
7KLVFRXOGLQFUHDVHWKHROHLFDQGOLQROHLFDFLGFRQWHQWDQGJLYHDKHDOWKLHUSHDQXW

7DEOH )DWW\DFLGFRPSRVLWLRQRISHDQXWFXOWLYDUVDWWZRVRZLQJWLPHVXQVDWXUDWHG8VDWXUDWHG6DQGUDWLRRIXQVDWXUDWHGWRVDWXUDWHGDFLG

&XOWLYDU
6RZLQJ7LPH
8 6 86
(DUO\ /DWH Mean (DUO\ /DWH Mean (DUO\ /DWH Mean 
+DOLV%H\   85.17±0.08   13.16±0.24ab   6.48±0.11ab 
2VPDQL\H

  85.09±0.15   12.73±0.34b   6.71±0.17a 
6XOWDQ   85.13±0.25   13.54±0.21a   6.29±0.10b 
Mean 85.22±0.05 85.04±0.19 85.13±0.09 13.71±0.10 a 12.57±0.17 b 13.14±0.16 6.22±0.04b 6.77±0.09a 6.49±0.08 
LSDT - 0.33 0.09 
LSDC - 0.44 0.23 
LSDT X C - - - 
6WDQGDUGHUURURIPHDQ
D/HWWHUVWKDWDUHGLIIHUHQWIRUVRZLQJWLPHDQGFXOWLYDUDUHVLJQLILFDQWO\GLIIHUHQWE\7XNH\¶V+6'WHVW3!

7DEOH5DWLRRIROHLFWROLQROHLF2/DFLGRISHDQXWRLOIURPWKUHHFXOWLYDUVDWWZRVRZLQJWLPHV
&XOWLYDU
6RZLQJ7LPH
2/
(DUO\ /DWH Mean
+DOLV D F 1.25±0.02b 
2VPDQL\H D EF 1.27±0.01ab 
6XOWDQ D E 1.29±0.01a 
Mean 1.31±0.01a 1.23±0.01b 1.27±0.01 
LSDT 0.08 
LSDC 0.03 
LSDT X C 0.05 
6WDQGDUGHUURURIPHDQ
D/HWWHUVWKDWDUHGLIIHUHQWIRUVRZLQJWLPHDQGFXOWLYDUDUHVLJQLILFDQWO\GLIIHUHQWE\7XNH\¶V+6'WHVW3! 

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